ABSTRACT Atrial pacing was performed in 16 patients with angina at rest and significant coronary artery stenosis (> 70%) over 2 consecutive days in the morning (10 A.M. to 1 P.M.), in the afternoon (4 to 7 P.M.), and at night (12 midnight to 3 A.M.) to assess possible circadian variations of their ischemic threshold. Overall, the incidence of resting angina was highest at night. All pacing results were positive (-1.0 No. 6, 1248No. 6, -1254No. 6, , 1986 A PRIMARY REDUCTION in coronary blood flow is currently recognized as the cause of resting angina regardless of the presence or severity of underlying coronary organic stenosis.lA Signs of left ventricular failure, electrocardiographic changes, or reduction in coronary flow before increases in blood pressure and heart rate often associated with the onset of pain'h ave helped to clarify this issue. Nevertheless, it remains to be deterrnined whether changes in blood flow in these unstable patients represent sporadic bouts of localized spasm, as it seems to occur in patients with "pure" coronary spasm (i.e., those with insignificant fixed coronary stenoses),`or whether they correspond to diffuse increases in coronary vascular tone, as recently advocated.8'9 The existence of these diffuse changes in coronary tone, although largely speculative, could possibly modify the ischemic threshold and follow a circadian variation. Demonstration of these hypothetical alterations in threshold could help to explain, at least in some patients, the higher incidence of resting angina during certain intervals of the day, particularly at night."10 11 Ischemic threshold is commonly 1248 measured by exercise stress test, but in patients with unstable resting angina and significant coronary artery disease, performance of conventional stress tests has been avoided because of increased risk of complicating events. 2, 13 Atrial pacing, however, has been proved to be a safe procedure to test coronary reserve in patients with preinfarction angina'4 or during the very first days of a myocardial infarction. 5 Accordingly, pacing could also be used to assess the ischemic threshold in patients with resting angina at the bed side. Therefore, this study was undertaken to improve our knowledge of the status, reproducibility, and possible circadian variations of the myocardial ischemic threshold in patients with unstable resting angina and significant coronary artery stenosis.
A PRIMARY REDUCTION in coronary blood flow is currently recognized as the cause of resting angina regardless of the presence or severity of underlying coronary organic stenosis.lA Signs of left ventricular failure, electrocardiographic changes, or reduction in coronary flow before increases in blood pressure and heart rate often associated with the onset of pain'h ave helped to clarify this issue. Nevertheless, it remains to be deterrnined whether changes in blood flow in these unstable patients represent sporadic bouts of localized spasm, as it seems to occur in patients with "pure" coronary spasm (i.e., those with insignificant fixed coronary stenoses),`or whether they correspond to diffuse increases in coronary vascular tone, as recently advocated.8 '9 The existence of these diffuse changes in coronary tone, although largely speculative, could possibly modify the ischemic threshold and follow a circadian variation. Demonstration of these hypothetical alterations in threshold could help to explain, at least in some patients, the higher incidence of resting angina during certain intervals of the day, par-measured by exercise stress test, but in patients with unstable resting angina and significant coronary artery disease, performance of conventional stress tests has been avoided because of increased risk of complicating events. 2, 13 Atrial pacing, however, has been proved to be a safe procedure to test coronary reserve in patients with preinfarction angina'4 or during the very first days of a myocardial infarction. 5 Accordingly, pacing could also be used to assess the ischemic threshold in patients with resting angina at the bed side. Therefore, this study was undertaken to improve our knowledge of the status, reproducibility, and possible circadian variations of the myocardial ischemic threshold in patients with unstable resting angina and significant coronary artery stenosis.
Methods
Patients. Each of 16 patients with resting angina included in this study fulfilled the following criteria: (1) presence of transient ST segment changes during one or more episodes of pain; (2) absence of previous myocardial infarction; (3) absence of valvular heart disease, atrial fibrillation, or bundle branch block; and (4) age 70 years or less. All patients were admitted to the coronary care unit for continuous electrocardiographic monitoring. Myocardial enzymes were analyzed every 6 hr over the first 5 days; heart rate and arterial blood pressure, by cuff, were measured every 2 to 4 hr and during and after the episodes of chest pain; a standard 12-lead ECG was taken daily and during and after the anginal attacks; and coronary arteriography was performed between the fifth and fifteenth days. Patients with a CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-ANGINA PECTORIS 70% or less coronary artery stenosis were subsequently excluded.
Pacing protocol. Within the first 72 hr, and once the enzyme profile had ruled out the existence of myocardial necrosis, right heart catheterization was performed, introducing a No. 7F Swan-Ganz catheter through the left subclavian vein. After measurement of right atrial, right ventricular, pulmonary arterial, and pulmonary capillary wedge pressures and cardiac output by thermodilution, the pulmonary catheter was withdrawn and, with the same vein dilator, a No. 6F or 7F electrocatheter was advanced into the coronary sinus for atrial pacing. Pacing was started at a rate of 100 beats/min and was subsequently increased by steps of 10 beats. Each step was maintained for 2 min. Pacing was discontinued when anginal pain, similar to that experienced during the spontaneous episodes, developed or when a heart rate of 150 beats/min was reached and maintained for 5 min. After each pacing step, atrial stimulation was stopped for 10 to 15 sec to allow recognition of possible ischemic changes in the ECG. These changes were analyzed after the first 5 sec to avoid interference by nonischemic artifactual changes. A positive pacing response was based on the presence of an ST segment shift of 1.0 mm or greater at 0.08 sec or longer after the J point.
In each patient a minimum of six pacing episodes was performed over 2 to 4 consecutive days. At least two pacing episodes were carried out at each of the following intervals: (1) morning, from 10 A.M. to 1 P.wM.; (2) 
Results
Clinical data. Relevant data are summarized in table 1. All patients were men and most of them (12/16, 75%) had resting angina of recent onset (' 1 month). Eleven patients had history of effort angina but in only six of 16 (38%) was it longer than 1 month. History of nocturnal angina was present in eight patients. During the hospital course, all patients had at least two episodes of resting angina, with an average of 8.8 ± 8 (mean ± SEM) episodes per patient. The incidence of resting angina was highest at night, particularly between 8 and 11 P.M. There were two additional peaks after lunch and after supper (12 A.M. to 1 P.M. and 7 to 8 P.M.; figure 1). A similar distribution was found when analyzing all episodes of resting angina, regardless of the patient in whom they occurred. Most patients had ST segment elevation during one or more episodes of resting angina, but four had ST segment depression in all episodes. The majority of attacks were associated with increases in blood pressure, which were of little magnitude when measured at the onset of pain. Changes in heart rate, when present, were within 10% of prepain values. Eleven patients (69%) had angiha at night while sleeping, being awakened by the pain.
Pacing data. All pacing episodes were positive in 
Discussion
As other studies have documented,' [16] [17] [18] we observed that most patients with resting angina and fixed coronary stenosis present with severe obstruction of at least one vessel even in the absence of a previous myocardial infarction, as in all our patients. However, our study demonstrates the existence in these patients of a reduction of the ischemic threshold at night. Such a decline in threshold was found in spite of the fact that patients were continuously at bed rest and that during nocturnal pacing they were awake and had prepacing RAP right atrial pressure; PCWP pulmonary capillary wedge pressure; LVEDP left ventricular end-diastolic pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure; CI = cardiac index; SI = stroke volume index; EF = ejection fraction; HK = hypokinetic segments; AK = akinetic segments; LM = left main coronary artery; LAD = left anterior descending coronary artery; LCF = left circumflex coronary artery; RCA = right coronary artery. may be that the lowering of the ischemic threshold at night seen in our patients was also caused by temporary increases in coronary tone.
It has been recognized that in patients with significant coronary disease, episodes of resting angina, either during the day or at night, are caused by a primary reduction in myocardial blood flow in view of the absence of increased myocardial oxygen demands before the onset of ischemia.' As in previous studies, 1, 2 30 we noted that the changes in heart rate during resting angina were minimal and that the frequently present increases in arterial pressure were small at the onset of pain. In our study, and as other investigators 
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have documented,3`double product during resting angina was consistently lower than that during a positive pacing episode with or without angina. Thus, in contrast to a recent interpretation that nocturnal angina in patients with advanced coronary disease is caused by spontaneous increases in myocardial oxygen demands,32 we contend that it is the decline in ischemic threshold at night that favors the increased prevalence of nocturnal angina, since smaller increases in coronary vascular tone are required to produce ischemia. Nevertheless, as suggested by the reduced incidence of resting angina between midnight and 3 A.M. when threshold was lowest, these increases in coronary tone may not suffice to cause ischemia in some patients without a superimposed spasm. This lack of congruence between the time at which ischemic threshold was lowest (midnight) and the time at which the incidence of resting angina was highest (evening) could also be explained by the possibility that, although not tested in our study, the ischemic threshold in the evening may be similar to or even lower than that at midnight, which because of greater patient alertness may enhance the occurrence of angina.
Elevation of the ST segment during exercise stress testing in some patients with variant angina, with or without significant coronary disease, is a well-documented observation. 13, 33 However, there are no reports on this phenomenon occurring during atrial pacing, except for an isolated case in which a patient with variant angina and insignificant coronary lesions developed ST segment elevation after 15 min of continuous pacing at 150 beats/min.4 Our findings are therefore of interest because, in contrast to ST elevation during exercise, which seems attributable to an active vasoconstriction secondary to increases in sympathetic drive and levels of circulating catecholamines,35 36 we demonstrated that increases in heart rate alone may also induce some degree of transmural ischemia, since sympathetic tone or catecholamine levels reportedly remain unchanged during pacing.37 '38 Because in many of our patients there was no ST segment depression before the ST segment elevation, the presence of a concomitant coronary spasm is suggested. In most instances, however, myocardial ischemia was reversed after cessation of pacing, which indicates that it was linked to the increases in heart rate. In this respect, there are recent clinical and experimental studies that indicate that a reduction in blood flow may occur during rapid atrial or ventricular pacing in patients with severe coronary stenosis.3 1 Turbulence of flow at the stenotic level42 or a passive reduction in the diameter of the stenosis due to distal vasodilatation with a fall in distal pressure43 are mechanisms suggested to account for the decreases in flow. Conversely, increases in distal coronary resistance caused by edema and increased wall tension secondary to ischemia have been identified as a possible explanation.
Limitations. Admittedly, the number of patients we studied is too small to firmly establish the reduction of the ischemic threshold at night. It would be important to explore the status of coronary reserve during the intervals not analyzed in our protocol, particularly when the incidence of resting angina was highest. It would have had a positive exercise stress test, probably at a greater workload. However, the more accurate control of the increases in myocardial oxygen demands achieved by pacing and the exclusion of other factors that may contribute to ischemia aside from the increases in oxygen consumption rendered atrial pacing a more appropriate tool to test low thresholds. Also, stress tests have rarely been performed during or soon after the unstable phase of resting angina because they carry an increased risk of ventricular arrhythmias and conduction disturbances,'2' 13 which were not seen in our protocol. Moreover, all pacing was performed at bed rest, which maintains a highly comparable control state before each pacing. Finally, it should be emphasized that our observations were made in hospitalized patients in whom circadian rhythm activity is altered. In this regard, our findings might not be totally applicable to an outpatient population.
Clinical implications. Our study demonstrates that atrial pacing can be performed safely in patients with unstable resting angina and severe underlying coronary disease. On the other hand, these findings suggest that even though a positive response may identify some patients with advanced disease very early, there may be others with critical stenosis who have normal coronary reserve. Furthermore, a decline of coronary reserve and a high incidence of resting angina at night underscore the need in these patients for higher nocturnal pharmacologic protection.
